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This paper is the fourth of a series of studies on experimental pneu- 
mococcal meningitis.  The three preceding (1-3)  are concerned with 
various  aspects,  both  pathologic  and  therapeutic,  of  experimental 
Type I  pneumococcal meningitis in rabbits and dogs, together with a 
discussion of certain complicating factors in the disease.  The patho- 
logic studies are too extensive to summarize at this instance.  From 
the point of view of therapy, however, it may be said that in one of 
these papers (2) a method was described whereby in suitable, uncom- 
plicated cases, a  number of permanent cures resulted.  This method 
consisted in a  saline lavage followed by a  generalized flooding of the 
meninges with mixtures of immune serum and  ethylhydrocupreine 
hydrochloride.  The  most important factor in  obtaining successful 
recovery  from  the  disease  was  our  ability  to  bring  repeatedly  all 
infected regions of brain and cord into contact with the serum-drug 
mixture.  This possibility, in turn, was favored by the nature of the 
earIy pathologic reaction on the part of the animal.  With the pneu- 
mococcus strains employed, the animals reacted with only a moderate 
early leucocytosis; the fibrin  was relatively  scanty and there was a 
strong tendency of the  spinal fluids toward the  assumption of the 
picture which the French describe as "dissociation cytobactrriologi- 
que du liquide c~phalorachidien," i.e.,  a  fluid with many organisms 
yet a  relatively mild fibrinocellular reaction.  In other words, thera- 
peutic possibilities were excellent.  The exudate was not so fibrinous 
as to preclude extensive lavage and good serum-drug contact with the 
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pneumococcus.  Although the organisms at first were present in very 
large  numbers,  after  the  lavage  they  were  greatly  diminished  and 
following serum injection the degree of phagocytosis was very marked. 
As the disease progressed, with or without treatment,  in certain  of the 
animals a degree of partial immunity was apparently established and 
its expression was evidenced by a  massive leucocytosis; this leucocy- 
tosis,  however,  was  not  very  effective,  since  no  matter  how many 
leucocytes were present in the spinal fluids,  the phagocytosis, in the 
absence of immune serum, was slight.  This very leucocytosis, instead 
of  favoring  recovery  under  treatment,  actually  prevented  effective 
treatment,  since  under  these  conditions  lavage  became  impossible 
and injected  serum failed to distribute itself properly.  A  successful 
treatment  was one in  which,  by lavage,  very early  reduction in  the 
number  of  organisms  occurred,  in  which  serum-optochin  injections 
brought about active phagocytosis, and which, by  repetition, prevented 
subsequent development of organisms to an extent sufficient to excite 
these massive purulent reactions. 
It is a  well established fact that the potency of most Type II anti- 
pneumococcus serum is low.  Nevertheless, since in meningeal disease 
the  therapeutic  agent is introduced  intrathecally  into  direct  contact 
with  the  infecting  agent,  it  was deemed  reasonable  to  attempt  the 
therapy of Type II meningitis in a manner  similar to that employed 
in  the treatment  of Type I.  It may be stated  at the outset that we 
were unable to cure any of the animals.  The reason for  this failure 
will be readily apparent from the following description and discussion 
of the work. 
Course  and Pathology  of Disease. 
Four strains  of Type II pneumococcus were used  in  the production  of the 
disease.  In all instances a Petroff-Hausser counting chamber served to determine 
dosage.  As a rule 6 hour dextrose broth cultures were employed and the amount 
injected was usually from 0.5 to 1.0 cc. of a 1 : 100 culture dilution.  No attempts 
were made to alter artificially by serial animal passages the "virulence"  of the 
strains; every strain was transferred on receipt to blood broth and kept as stock, 
transplants  being made to dextrose broth and incubated about 6 hours before use. 
Growth was always very heavy.  One of the strains (II, 62) was of low activity in 
the dog, as appears from the following  protocols. 
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puncture under ether;, clear  fluid.  Injected 1.7 million Type II pneumococci, 
Strain II, 62.  Normal ether recovery. 
18 hours: Apparently well. 
23 hours: Ether; cistern puncture; slightly cloudy fluid; rare cells and no cocci 
in smears.  Culture negative. Subsequent uneventful recovery. 
Dog2.--Hound; weight 5 kilos.  October 17,  1927, 4.00 p.m., cistern puncture 
under ether; clear fluid.  Injected 10 million Type II pneumococci, Strain II, 62. 
19  hours: Slightly sluggish;  slight ataxia.  Ether,  lumbar and cistern  taps; 
drained 3 cc. very cloudy fluid under tension from cistern; smear showed numerous 
polymorphonuclears  per  oil  immersion  field,  but  no  cocci  were  seen.  Upon 
planting a large amount of the fluid on a blood agar plate only fifteen  colonies 
resulted.  A spasmodic muscle contraction  resulted in cisternal hemorrhage  with 
death.  Autopsy showed, aside from the area of hemorrhage,  a grossly normal 
brain; no cocci were seen in any of the smears.  Cultures from all regions were 
negative, except that a plate planted with the entire content of one lateral ventricle 
grew eight colonies. 
Other  animals infected  with  this  strain  made  it  appear  that  the 
strain activity was not such as to render its use desirable in our work. 
Some strains of Type II are apparently of even much lower activity, 
as demonstrated by the work of Idzumi (4).  Idzumi infected his dogs 
subthecally  with  very  large  amounts  of  a  Type  II  pneumococcus 
(8 cc. of a 24 hour broth culture lethal for mice in 50  to 60 hours in 
a  10  -~ dilution).  This dosage killed the dog in 20 hours.  Only one 
experiment is reported  and the pathological findings after this very 
large  dose do not especially differ from our own,  when using much 
smaller infecting quantities. 
Two of our strains designated as D  39 and II 740 produced pictures 
identical in most respects.  If anything, II 740  was somewhat more 
active.  Bacteremia was  rarely  a  problem;  a  few colonies from the 
postmortem heart's blood were a frequent finding.  When significant 
bacteremia did occur, it was apparently the result of some individual 
peculiarity; it was--of course within reasonable limits--independent 
of weight of animal and infecting dosage, as the following two protocols 
demonstrate. 
Dog 3.--Hound; weight 3.5  kilos.  May 19,  1927, 10.45 a.m.,  cistern  punc- 
tare  under ether.  Injected  18.0 million  Type  II  pneumococci,  Strain  D  39. 
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blood were withdrawn at intervals from the leg vein and planted in 1 cc. quantities 
on blood agar plates with the following results: 
1 hour .........................................  no growth. 
3½ hours ........................................  no growth. 
5½ hours ........................................  5 colonies per cc. 
22 hours after infection the dog was found dead.  Autopsy revealed generalized 
purulent meningitis; the entire brain was covered with yellowish,  adherent, exu- 
date.  Abundant  cloudy  fluid  in  the  cord meninges;  cortex  and  cord  showed 
petechial  hemorrhages.  Organisms  were  present  everywhere,  but  never  as 
numerous as one finds in the animal dying of Type I  infection; especially in the 
cisternal pus there was very marked phagocytosis and  one  could observe many 
foci of pseudoagglutination.  (We have coined the term "pseudoagglutination" 
to describe the appearance of exudates containing clusters of pneumococci formed 
by growth of groups of cocci recently liberated by the degeneration of leucocytes 
which had previously phagocyted them.)  The heart's blood gave slight growth. 
The lungs showed congestion  and edema. 
Compare  this  with  the  following  protocol  of  an  experiment  per- 
formed  with  the  same  culture,  the  same  day,  on  a  dog of the same 
weight and litter.  The infecting dose  was only half that used in the 
preceding case, yet there was early generalization of the disease. 
Dog 4.--Hound; weight 3.5  kilos.  May  19,  1927, 11.00 a.m.,  cisternal  in- 
jection under ether of 9.0  million  Type II pneumococci,  Strain D 39.  Anesthe- 
sia was continued with intravenous sodium diethylbarbiturate.  Interval bleedings 
gave the following results: 
1 hour  .......................................  no growth. 
3½ hours .....................................  no growth. 
5½ hours .....................................  1050 colonies per cc. 
At 22 hours the animal was found dead.  Autopsy showed a  dry, hyperemic 
brain; the exudate was scanty; cells and cocci were rare.  In addition there were 
acute seropurulent  pleuritis and peritonitis; pneumococci were demonstrated in 
the fluids both by direct examinations and by cultures.  The heart's blood culture 
gave massive, confluent growth. 
Only  twice  during  the  study  of  Type  II  meningitis  have  we  felt 
that  there  was  sufficient  generalization  of  infection  to  modify  the 
prognosis  of  the  disease.  These  infecting  doses  given  in  the  two 
preceding experiments were somewhat larger than those subsequently 
employed.  In  brief,  infecting  amounts  of  18,  15,  and  12  million 
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day.  Smaller numbers have given more inconstant results.  Doses of 
7  million organisms in  three experiments permitted survival up to 
40,  42,  and  66  hours  respectively; however,  all  of  these  survivals 
received one or more treatments which may possibly have delayed 
death.  Intracisternal doses of 3  to 3½ miIlion pneumococci usually 
allowed survival beyond the  1st day of disease, but even with this 
low dosage some animals have succumbed within 18 hours.  The lower 
the infecting dose, the more apparent are the individual differences as 
regards the period of survival.  Obviously a  dosage which is  quite 
apt to kill in less than 1 day is not a suitable one for the production of 
a  type of disease which may be  studied from the point of view of 
therapy. 
Of course we can offer no explanation for individual differences in 
the survival period of the animals.  There are, however, certain facts 
which correlate these differences with the pathological findings in the 
different animals.  When the same amounts of the same culture are 
used for infection, it is impossible to see how the pathology can be 
explained  by  any  difference in  the  infecting organism.  The  only 
variant is the response of the animal and the varying intensity of this 
reactional  process  is  very  important;  this  is  naturally true in any 
infectious disease, but perhaps it is most apparent in central nervous 
system infections of the variety under study, because the nature and 
relations of the brain and cord make them unsuitable to withstand 
any severe, acute, reactional pathology. 
If one infects a dog intracisternally with Type I pneumococcus and 
subsequently examines the spinal fluid, one notes, after a brief period 
during which time the organisms diminish somewhat in numbers: due 
in part to a slight initial phagocytosis, a progressive increase in organ- 
isms.  Phagocytosis  becomes  negligible  and  the  picture  is  one  of 
cytobacteriologic dissociation.  In Type II infections~ from the start 
there is  rather marked phagocytosis of cocci,  even approaching in 
degree that seen after serum therapy of Type I.  Coupled withthis 
primary resistance  to  Type II  there is  a  very heavy exudation of 
fibrin  and  polymorphonuclear leucocytes,  and  a  tendency toward 
localization of the disease; this attempt at localization is never, in our 
experience, completely successful, but its effect may be disastrous to 
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Dog 5.--Male collie pup; weight  4¼  kilos.  September  27,  1927, 4.25 p.m., 
morphine;  ether;  cistern puncture;  clear fluid.  Injected 3.5  million Type II, 
Strain  D 39.  Normal ether recovery. 
18 hours:  Was just expiring when cage was visited.  Autopsy:  cord meninges 
edematous,  injected,  hemorrhagic, filled with  fibrinopurulent  exudate.  Smears 
show numerous pus cells and a moderate number of diplococci, with evidence of 
considerable phagocytosis, ¢occal disintegration, with some small, atypical,  and 
Gram-negative forms.  Grossly about the medulla, cistern, and pontile base, the 
exudate is very thick  and so fibrinous that it must be stripped off with forceps. 
The medullary smear resembles that from the cord.  Convexity and base show 
much  hemorrhagic injection  (Fig. 1).  Along the  veins of the  convexity is  a 
moderate amount of cloudy fluid, containing fairly numerous cocci.  The lateral 
ventricles contain abundant  opalescent fluid, with rare cells but numerous cocci. 
There is slight bacteremia. 
Fig. 2 gives some indication of the fibrinous character of the exudate 
at the site of injection.  The fibrin distribution is that  characteristic 
of those cases which die early after cistern infection; there is a  very 
heavy layer closely surrounding  the  cord or medulla,  and  this layer 
continues out in similar fashion about the nearby  vessels;  this  dense 
fibrin  is  comparatively  devoid  of  cells,  but  further  out,  where  the 
fibrin meshes are less dense, polymorphonuclear leucocytes are abun- 
dant.  Curiously enough, by Gram-Weigert staining few pneumococci 
are found in the dense fibrin layers,  but in the looser, fibrinocellular 
portion  they  are  abundant.  The  vessels  may  show  considerable 
damage  and frequently,  from serum exudation into  their walls, they 
stain in a  hyaline manner;  the vessel walls are extensively infiltrated 
by polymorphonuclear  leucocytes.  Occasionally with  these marked 
reactions it is possible to detect deep changes in the nerve cells of the 
cord.  These  changes  consist  in  necrosis  with  polymorphonuclear 
reaction and invasion of the affected nerve cells (Fig. 11).  The smaller 
vessels of the gray matter show some polymorphonuclear perivascular 
reaction, and there is slight generalized, or patchy infiltration (Fig. 12) 
of the interstitial  nerve tissue either in the cornua or fasciculi.  This 
is not the same phenomenon which one sees in a spreading myelitis of 
central canal origin, for in the former it has not been possible to demon- 
strate  organisms in the region or in  the finer vessel sheaths, whereas 
in the latter--the central  myelitis--organisms  are very abundant and 
the  pathological  picture is  quite  different.  The  pathology  suggests 
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meningeal reaction, one might easily confuse the picture with polio- 
myelitis.  In the protocol of Dog 5 it is seen that the organisms were 
rather numerous; the infection at death was severe; changes in deep 
nerve cells may have hastened death, but in other animals death has 
occurred without a marked proliferation of organisms, without massive 
ventricular growth, without detected deep nerve cell pathology,  and 
in the absence of significant bacteremia.  Nothing, therefore, is  left 
to account for death, except the presence of the massive exudate in the 
cisternal region adjacent to vital centers, and experience forces us to 
attribute to this reaction very unfavorable significance.  We noted in 
Type I  pneumococcal meningitis the severity of symptoms for a  few 
hours after extensive serum treatment and were inclined to attribute 
it to the marked increase in leucocytosis--a transient phenomenon. 
Had a general anesthetic not been necessary, we would have drained 
our animals several times at the height of the leucocytosis to relieve 
the intensity of the reaction and it is suggested that in the treatment 
of human disease this procedure would be desirable. 
The effect of a massive cisternal exudate is apparent in another way. 
The space is  small and a  block is readily attained.  As a  rule,  the 
lateral ventricles are infected early in the course of the disease.  A 
primary cisternal injection in the amount used in our experiments does 
not pass into the lateral  ventricles; as judged by dye injections in 
equivalent quantities, it distributes itself to the cervical cord, fourth 
ventricle and its meninges, and to the base and adjacent lower lateral 
portions of the  cerebrum; the  cerebellum may be  stained,  but  the 
tentorium prevents  forward  spread  to  the  convexity.  Apparently 
infection follows the same course.  A  marked early,  cisternal block 
may occur, with organisms present in the cisternal exudate but without 
cocci in the lateral ventricles at the time of death.  In the absence of 
early block the ventricles may become infected very soon in the course 
of the disease, and in this case the pneumococci multiply to an extra- 
ordinary  extent  in  the  lateral  ventricles  behind  the  subsequently 
developing block,  and  fairly  well  established  hydrocephalus  may 
develop within 2 days after primary infection.  An interventricular 
block may result in quite different pictures in the two lateral ventricles. 
The  following two  protocols  show the  probable  effect of  cisternal 
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Dog &--Hound; weight 8.4 kilos.  October  24, 1927, 4.35 p.m., ether; cistern 
puncture; clear fluid.  Injected 5 million Type II pneumococci,  Strain D 39. 
20 hours: Dead.  Autopsy reveals the usual fibrinohemorrhagic exudate block- 
ing the fourth ventricle  and extending  over medulla and cervical  cord;  small 
amount of purulent exudate at the base; lower cord and convexity  practically clear 
in gross; the lateral ventricles  contain abundant opalescent  fluid with pus cells 
but no cocci; cervical cord and cisternal  smears show abundant pus cells and a 
few free and phagocyted cocci.  A "reactional" death. 
Dog 7.--Fox terrier; weight 5 kilos.  October 19, 1927, 4.15 p.m., ether; cistern 
puncture; clear fluid.  Injected 2| million D 39 Type II pneumococci. 
18 hours: Dead.  Autopsy reveals much fibrin and some clot in fourth ventri- 
cle.  Cord  and base show moderate purulent exudate.  Softening in posterior 
vernds.  Cortex dry and injected.  Abundant cloudy fluid in lateral ventricles. 
All smears show numerous pus cells, but the cocci are rare and nearly all phago- 
cyted, except in the lateral ventricles, where they occur free in enormous numbers 
(Fig.  5).  Cultures from lateral ventricles  yield confluent  growth; from other 
regions a few colonies only.  Slight bacteremia. 
Block is of importance in influencing the distribution of organisms, 
especially when it occurs in the cisternal region; its influence in other 
situations has not been determined, but is probably less.  Its signifi- 
cance at the cisterna is most apparent when infection passes the early 
block and invades the lateral ventricles,  for it has been  abundantly 
demonstrated that in the ventricles with a favorable fluid medium the 
organisms  grow  to  an  enormous  extent,  whereas  in  less  favorable 
regions,  base,  cord,  and  convexity, there  is  some tendency to  spou- 
taneous disappearance  partially,  at least, through phagocytosis.  In 
the lateral ventricles the rapid growth of pneumococci seems to repel 
phagocytosis and it is not seen save to a minimal degree in the absence 
of immune serum.  Figs. 6 and 7 are from the autopsy of a dog infected 
in the lateral ventricle.  The  animal died in  18 hours; there was no 
blocking exudate in the cistern; the foramina of Munro may have been 
occluded  and  this is probable  since  the picture from the two lateral 
ventricles was not the same.  Some organisms, however, have passed 
through into the cistern and meninges, and the smears, as is seen, are 
quite different; in one there is abundant growth and little or no phago- 
cytosis,  whereas  in  the  other--from  the  cistern--phagocytosis  is 
marked and cocci are few.  Therefore, it is apparent that even without 
block  the  rapid  proliferation  of  organisms  in  the  lateral  ventricles 
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does is to delay lateral ventricle infection, if the block occurs early, 
and to place a barrier between a site of prolific growth and a region of 
much less active multiplication, if it occurs only after the ventricle is 
infected.  Some of these cells in the cistern smear (Fig. 6)  are endo- 
thelial leucocytes.  It is easily shown that the endothelial leucocyte 
readily phagocytes Type II pneumococci in the dog.  This was par- 
ticular]y apparent in the case of a  dog infected in the basal region; 
the animal developed a pneumococcus brain abscess along the needle 
track  (Fig.  9).  Many endothelial leucocytes were attracted to the 
softening areas at  the periphery of the abscess, and all of these are 
loaded with pneumococci, many of which are fragmented.  Toward 
the center of the abscess,  where there are  only polymorphonuclear 
leucocytes, pneumococci are abundaut and there is little or no phagocv- 
tosis.  When  softening develops,  as  it  may in  loci in  a  meningeal 
exudate,  endothelial  leucocytes  may  appear  at  the  periphery  of 
softened areas and actively phagocyte pneumococci;  in these rare foci 
of softening in the meningeal exudate, however, the pneumococci tend 
to disappear; they are probably injured by the mass liberation of fer- 
ments from the degenerated leucocytes. 
We  have  discussed  the  influence of  the  massive  fibrinopurulent 
exudate in the cisterna on life and on the distribution of infection. 
It is interesting to note the effect of this type of reaction in other 
regions.  The very large fibrin  content of the exudate tends to  be 
maintained everywhere, except in the lateral ventricles, where either 
the process results in a  purulent reaction, or a  type resembling the 
"dissociation cytobact6riologique" common in Type I.  Next to the 
cistern the penetrating vessels suffer most markedly from the character 
of the exudate.  This is apparent, though by no means uniform, in 
several regions,--cord, convexity, and thalamus.  We have followed 
the process by ordinary methods and by Gram-Weigert staining, and 
are inclined from our observations to interpret it as follows: Organ- 
isms invade the penetrating vessels and their perivascular sheaths from 
the meninges.  The reaction consists in marked polymorphonuclear 
leucocytic invasion of the vessel walls and  an  exudation of serum, 
fibrin, and leucocytes  into the sheaths and surrounding  parenchymatous 
tissue.  The reaction takes place in the vessel walls and perivascular 
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is possible to observe, by Gram-Weigert staining, pneumococci to a 
certain level, marked reaction somewhat deeper still,  and not infre- 
quently thrombosis of the smaller branches.  Fig.  13 illustrates the 
process in the deeper cord vessels; Figs. 14 and 15 in the thalamus; in 
the latter a smaller branch is thrombosed and resultant changes in the 
surrounding  parenchyma have  attracted  leucocytes into  the  brain 
tissue.  This region as yet is apparently uninfected, but when organ- 
isms finally do penetrate into the focus, they proliferate rapidly in the 
injured brain tissue and readily convert an area damaged by throm- 
bosis into a pneumococcus abscess.  In the cord region central myelitis 
is common.  Vessel sheaths are early involved by the infectious proc- 
ess originating from the central canal (3) and central softening occurs; 
a  similar type  of lesion  spreads  in  along vessels,  penetrating  from 
the meninges, and the combination destroys large portions of spinal 
cord.  In the central myelitis the first organisms reach the cord tissue 
through  the  ependyma  (Fig.  16).  Once  in  the  parenchyma  they 
invade extensively between the swollen,  damaged, myelinated fibers 
(Fig.  17). 
Often  considerable hemorrhage is  present.  When this occurs,  it 
is usually in the cisternal region and for a while, although our initial 
cisternal taps at the time of infection gave dear fluid, we were inclined 
to  attribute  it  to  trauma.  Later,  however, it  was  noted  in  other 
regions, notably choroid plexus  and convexity.  Fig.  10  gives some 
notion of the extreme vasodilatation one may encounter in the choroid 
plexus of the lateral ventricles. 
All of the preceding description refers to the sequences of primary 
cisternal infection.  We were forced to abandon this method of inocu- 
lation because of the severity of the local reactions.  Other methods 
of infection were next  employed.  One  animal was infected in  the 
lateral ventricle in the hopes that the infection would be distributed 
more gradually via the usual cerebrospinal fluid pathways, thus avoid- 
ing early severe, local reaction in the dsternal region; the method was 
worse than useless,  for not only did it fail to prevent rapid spread to 
the cistern, but in addition it placed the pneumococci immediately in 
that  region in which we have determined their  growth to be  most 
rapid and luxuriant.  Fig.  7 illustrates the condition 18  hours later 
in the lateral ventricle.  Infection directly through the  brain to the ]~RED W.  STEWART  525 
base was attempted in several instances.  It was a  first impression 
that this produced a more favorable type of disease, but in reviewing 
the records this opinion scarcely seems justified.  Organisms intro- 
duced into the basal meninges do not tend to proliferate markedly 
at that site, or to spread in large numbers to the convexity.  Instead 
they penetrate to the cisterna and thence to lateral ventricle and cord. 
In malting this statement, we cannot be certain that initial lateral 
ventricle infection has  not occurred along the  needle track.  Our 
assertion  is  merely  based  on  numbers  of  organisms in  different 
regions.  In basal infection brain abscess may occur along the needle 
track.  Primary infection of the convexity produced a severe clinical 
picture with marked depression, opisthotonos, spasticity of all four 
limbs,  vomiting,  and  respiratory  difficulty  within  20  hours  after 
infection.  Death occurred during the 2nd night; the meningitis was 
already generalized, fibrinopurulent in character, but, although death 
occurred early, organisms were exceedingly rare and largely phago- 
cyted.  Death, we believe, was "reactional."  Attempts at infecting 
the animals in the lumbar meninges are best taken up with our discus- 
sion of therapy.  Infection by the lumbar route spreads more slowly 
than it does by the other routes employed. 
Therapeuffc Experiments. 
The method employed in treating the animals which survived long 
enough to make a  therapeutic effort feasible was the same as that 
already described for the treatment of Type I meningitis (2).  Studies 
of the distribution of the process made us, however, abandon direct 
serum-drug treatment of the convexity since that region, due to localiz- 
ing efforts on the part of the animal, was only rarely involved.  As we 
have stated, the lateral ventricles early become the chief reservoir of 
pneumococd; lateral ventricle punctures were therefore used rather 
extensively both  for drainage and  serum-optochin injectiong  The 
serum employed was kindly furnished by Dr. Wadsworth, of the New 
York State Department of Health.  The following series of protocols 
are offered as examples of therapeutic experiments.  It will be readily 
noted that the possible degree of success apparent in some instances is 
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that treatment appeared without value, even when it was carried out so 
early in the course of the disease that diagnostic  punctures at the time 
the treatment was initiated not only failed to reveal pneumococci in 
the fluid smears, but likewise in cultures.  If success had been attained 
in such instances, it would be of little  significance, since no human 
case could possibly be diagnosed and typed at so early a  period and 
the disease is one in which a  few hours of progress make a  profound 
difference in the picture. 
Dog 8.--Honnd; weight 4} kilos.  November 2,  1927, 4.30 p.m., morphine; 
ether anesthesia; skull trephine; puncture through to left base; alight hemorrha&~ 
Injected 3t million, Type II, D 39 strain.  Normal recovery. 
18 hours: Sluggish; chills; no meningeal signs. 
24 hours: Still stuporous from morphine.  Has sL,~)t all day.  On disturbing, 
stands up, walks, and wags tail. 
42 hours: Apparently well.  No treatment. 
66 hours: Very ill; irritable; lies prostrate on side; all extremities spastic with 
exaggerated reflexes.  Lumbar and cktem puncture under ether.  No fluid ob- 
tained v/~ lumbar needle, but withdrew 1.5 cc. very thick pundent emniate of 
~ti~ous  consktency from cisterna.  A smear showed large numbers of po]yo 
morphonuclear  leucocytes  and pneumococcl (Fig. 4).  On account of the thicknem 
of the exudate, no saline iavage was possible.  The usual serum-optochin mixture 
was prepared (10 cc. serum plus 0.5 cc. 1 per cent ethylhydrocupreine hydrochlo- 
ride) and 4 cc. were injected, half in the cisterns and half in the lumbar region. 
After a  few minutes rest both lateral ventricles were entered through trephine 
openings  and the contents aspirated.  Apparently the immune serum injected 
into the clsternal region had already reached the lateral ventricles, since the abun- 
dant pneumococcl were all agglutinated (Fig. 8); cells were very scanty; 0.6 co. 
m-~n-optochin injected in each lateral ventricle and 0.6 cc. over eac~ convexity. 
Recovery rate di~cuit to detect on account of initial prostrate condition.  Placed 
in constant body temperature cage and removed to animal house after some bourn. 
90  hours: Dead.  Autopsy  shows  heavy  fibrinopurulent  and  hemorrhagic 
exudate over cord and about cistern; exudste scanty at base, where initial infection 
was  introduced.  Small  amount of pus  in  lateral ventricles.  Smears from all 
regions show very numerous pus cells; cocci are ,llm;,;Rhed  in numbers (Fig. 3) 
and where numerous show agglutination.  There is little evidence of stimulated 
phasocyt~.  Small  absce~  of  medullary  floor  (traumatic?).  Besim~ug 
hydrocephalus. 
This animal probably had his pneumococci reduced by the treatment, 
but it is difficult to ascertain truly if this was the case.  Other experi- 
ments at least throw considerable doubt into the matter. ~'P.~D W.  STEWARZ  527 
Dog 9.--Hound; weight 4~ kilos.  September 29,  1927, 4.20 p.m., morphine; 
ether;  cisternal  tap;  clear fluid.  Injected  1]  million Type IID  39.  Normal 
recovery. 
18 hours:  Temperature 102.7  °  .  Stupid and refuses to stand up.  Raises head 
and is irritable when touched. 
21½ hours:  Ether; cistern and lumbar punctures; fluids  cloudy; contain  25-30 
polymorphonuclears per oil immersion field; no cocci seen in direct smear.  Cul- 
tures: growth but not confluent.  Lavage of 5 cc. NaCI, lumbar to cistern, with 
good return.  Distributed 11 cc. serum-optochin mixture as follows:  8 cc. cord to 
cistern, 1.5 cc. frontals v/a trephines.  Satisfactory recovery. 
44 hours:  Temperature 102  °  .  Has lost weight; condition otherwise unchanged. 
ether; lumbar and cistern punctures; fluid dearer; cells rare; many mononudears; 
no  cocci  seen.  Injected  5  cc.  serum-optochin v/a  cord  and  cistern.  Cultures 
negative. 
Subsequent uneventful recovery. 
The  above protocol  shows  the  influence  of  treatment  but  only in 
a  prophylactic  way.  At  the  time  therapy  began  the  case  was  not 
capable of being diagnosed.  As we have intimated, even as a prophy- 
lactic, the serum may fail to do anything save to delay the inevitable, 
as the following example clearly demonstrates. 
Dog  10.--Weight  5½  kilos.  December  5,  1927, 4.30  p.m.,  ether;  lumbar 
puncture; dear fluid; injected 2 million Type II pneumococci,  Strain D 39.  Good 
recovery. 
19 hours:  Weakness in lumbar region; slight tremors in hind limbs; otherwise 
normal. 
23 hours:  Unchanged.  Ether; lumbar puncture; cloudy fluid;  cells  15-20 per 
oil immersion field; no cocci seen.  Cisternal fluid clearer; few cells and no cocci. 
Neitkerfluid gave a positive culture.  Lavage with 10 cc. NaC1 lumbar to cistern; 
return unsatisfactory, but no pressure symptoms.  Injected as usual 10 cc. serum. 
(No drug was used, since without much exudate and with poor fluid return there is 
great danger.)  Both lateral ventricles were entered and, after withdrawal of a 
practically negative fluid already mixed with serum, 1 cc. of additional serum was 
introduced.  Lateral ventricle culture gave no growth. 
42 hours:  Unchanged.  No treatment. 
66 hours: No treatment.  Appears well. 
7th day: Has suddenly become very ill.  Necessary to chloroform.  Immediate 
autopsy.  Massive,  generalized  meningitis;  complete  block  at  the  cisterna; 
hemorrhagic flecks over convexity.  Every smear shows very numerous pus cells. 
Cocci are very abundant in the lateral ventricles, numerous in the cisterna, few 
at the base, and very few over the convexity and in  the  cord meninges.  The 
heart~s blood yields rare colonies. 528  PNE~OCOCCAL  ~[ENINGITIS.  IV 
Summary: Cord infection; extensive early treatment when organisms were so 
few that they were not detected by culture, yet the fatal outcome of the disease 
was merely delayed. 
The objection may be raised that treatments in  cases such  as that 
summarized above were not systematically continued.  In the absence 
of organisms in  the  initial  cultures  and  smears,  it  would  have  been 
quite illogical to treat.  In the following protocol the effect of repeated 
treatments is shown. 
Dog  //.--Hound;  weight  6  kilos.  November  21,  1927, ether;  left  frontal 
trephine; puncture through to base and injection of 2 million Type II pneumococci, 
Strain D 39.  Normal recovery. 
18 hours:  Ataxic; irritable; able to stand.  Morphine; ether; cistern and lumbar 
punctures; fair drainage; fluids opalescent, containing on smear about 25 polymor- 
phonuclears per oil immersion field; cocci very rare.  Injected 3 cc. sernm-opto- 
chin cord, 2 cc. cistern, 0.6 cc. right lateral ventricle, 1 cc. left lateral ventricle, 
and  0.5  cc.  subdurally  over each  convexity.  Some shock but  recovery in  45 
minutes.  Cultures positive. 
42 hours:  Clinically  unchanged; possibly slightly improved.  Cistern and lum- 
bar punctures under ether.  Fluids less cloudy; cells diminished but cocci slightly 
more numerous; they are both free and phagocyted, and occur singly and in r/~re 
clusters of 5 or 6.  Iniected 4 cc. serum-optochin cord,  1 ec.  cistern, and, after 
draining, 1 cc. in each lateral ventricle; smears from the ventricles show occasional 
free cocci.  Cultures yield confluent  growth. 
66 hours:  Unchanged  except for loss  of weight.  Ether;  cistern and  lumbar 
punctures; fluid slightly dearer;  cells  diminished;  no  cocci seen.  Lavage with 
5 cc. serum-optochin lumbar to cistern; lumbar needle removed and 1 cc. additional 
injected into cistern.  Left lateral ventricular puncture;  fluid  practically clear; 
smear shows rare cells but no cocci.  Injected 0.5 cc. serum-optochin.  Cultures 
give slight growth. 
90 hours:  Animal worse; more irritable.  Ether; no cistern fluid obtained; no 
lumbar fluid.  Nevertheless,  3  cc.  of  sernm-optochin  was  injected.  The  left 
lateral ventricle was entered and 0.5 cc. of what appeared in gross as clear serum 
was withdrawn.  1 cc. serum-optochin injected.  Smears of this apparent serum 
show  essentially no  cells  but  numerous  clusters  of  agglutinated  pneumococci. 
Culture yields a confluent growth. 
114 hours:  Prostrate;  convulsive; very  hypersensitive.  Chloroformed.  The 
usual autopsy findings.  Massive flbrinopurulent exudate in and about  cistern, 
at  base,  and  in  lateral  ventricles.  Cord  and  convexity  are  relatively  clear. 
Smears show  hundreds  of leucocytes and pneumococci per oil immersion field. 
Little phagocytosis except in cord and cisternal regions.  Hydrocephalus.  Multi- 
ple brain abscesses along basal and lateral ventricular needle tracks. FP~D W.  ST~.WART  529 
In other words, systematic treatments extended over several days 
failed to cure a very slight initial infection.  It undoubtedly did delay 
death. 
SUM'MARY  AND  CONCLUSIONS. 
1.  With  properly  selected  strains  of Type  II pneumococci, fatal 
meningitis may be produced by intrathecal infection in dogs. 
2.  The pathology of the disease differs from that produced by Type 
I  pneumococci, at least with the strains employed. 
3.  Type II meningitis is characterized by early, very marked reac- 
tions, a very heavy fibrin exudation, and a tendency toward the rapid 
establishment of blocks. 
4.  Extreme vasodilatation and hemorrhage are common. 
3.  The  fibrinopurulent  exudate  tends  to  involve  the  walls  and 
perivascular sheaths  of deeply penetrating vessels,  thereby causing 
thrombosis. 
6.  Thrombosis  leads  to  foci of parenchymatous softening  which, 
on subsequent infection, become brain abscesses. 
7.  The lateral venficles are a  "point of election" for the luxuriant 
growth of pneumococci.  Conversely there is evidence that Type II 
organisms  tend  somewhat  to  disappear  from  other  regions,  owing 
either  to  spontaneous  phagocytosis  or  to  filtration  into  the  blood 
stream.  The  lateral  ventricles,  however,  continually  renew  the 
supply. 
8.  Hydrocephalus occurs early--sometimes during the 2nd day of 
the disease. 
9.  Central myelitis is common and appears early in the disease. 
10.  Deep nerve cell lesions with necrosis and  neuronophagia are 
encountered.  Their pathology suggests a  toxic source. 
11.  In most cases treatment has been impossible owing to  severe 
early reactions, and only as a prophylactic has optochin-serum therapy 
any real value.  It delays death, but has in no instance cured estab- 
lished disease in the dog. 
12.  Systemic generalization of Type II meningeal infection in the 
dog occurs, but it is rarely of sufficient extent to modify prognosis. 530  PIqEUMOCOCCAL  MENINGITIS.  I%" 
B1  BLIOGRAPHY. 
1.  Stewart, F. W., J. Exp. Med., 1927, xlvi, 391. 
2.  Stewart, F. W., J. Exp. Med., 1927, xlvi, 409. 
3.  Stewart, F. W., J. Exp. Med., 1928, xlvii, 1. 
4.  Idzumi, G., J. Infect. Dis., 1920, xxvi, 373. 
EXPLANATION  OF PLATES 
PLATE  24. 
FIG.  I. Lower aspect  of  brain.  Fibrinopurulent  exudate beneath dura,  extend- 
ing over cervical  cord  and forward  toward  infundibulum. 
FIG. 2. Dog  5.  Typical  massive,  fibrinopurulent  exudate.  Weigert  stain. 
X  100. 
PLATE 25. 
Fig. 3.  Dog 8.  Autopsy smear from cisterna.  Gram stain.  X  1000. 
FIG. 4.  Dog 8.  Initial smear from cisterna.  Gram stain.  X  1000. 
FIG. 5.  Dog 7.  Autopsy smear from lateral ventricle.  Gram stain.  X  1000. 
FIG. 6.  Dog 12.  Autopsy smear from cisterna.  Gram stain.  X  1000. 
PLATE 26. 
Fro.  7.  Dog  12.  Autopsy  smear  from  lateral  ventricle.  Gram  stain.  X 
1000. 
FIG. 8.  Dog 8.  Agglutination of pneumococci.  Gram stain.  Lateral ventric- 
ular tap.  X  1000. 
Fro, 9.  Needle track abscess.  Dog 11. 
FIo. 10.  Prehemorrhagic dilatation of vessels of choroid plexus of lateral ventri- 
cle.  Hematoxylin-eosin stain.  X  40. 
PLAT~ 27. 
FIG. II. Dog  5.  Spinal  cord.  Necrosis and early neuronophagia  of motor 
nerve cells. Hematoxylin-eosin stain.  X  i00. 
FIG.  12. Dog 5.  Spinal  cord.  Leucocytic infiltration  of  white matter  in  region 
of radix  descendens V.  Hematoxylin-eosin stain.  X  I00. 
FIG. 13. Dog  13.  Spinal  cord.  Deep  vascular lesions;  polymorphonuclear 
invasion of vessel  wall  and serofibrinous  exudation in and about vessel  sheath. 
Hematoxylin-eosin  stain.  X  I00. 
PLATE 28. 
Fie.  14.  Dog 14.  Thalamus.  Deep perivascularlesions.  Hematoxylln-eosin 
stain.  X  20. 
FIG.  15.  Same.  Perivascular invasion of white matter  following thrombosis. 
Hematoxylin-eosin stain.  ×  300. 
FIG.  16.  Dog 15.  Early invasion of region of commissures by pneumococci. 
Gram stain.  X  1000.  C  =  central canal of cord. 
FIG. 17.  Pneumococci infiltrating between myelinated nerve fibers just outside 
a region of purulent central myelitis.  Gram stain.  ×  1000. THE JOURNAL.  OF EXPERIMENTAL MEDICINE VOL. XLVII.  PLATE 24. 
Photographed by Lou{s Schmidt. 
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